S
hort-lived climate pollutants (SLCPs) include methane (CH 4 ), black carbon (BC), tropospheric ozone, and hydrofluorocarbons (HFCs). They are important contributors to anthropogenic climate change, responsible for as much as one-third of the current total greenhouse forcing ( 1) . An emerging strategy, which we refer to as hybrid climate mitigation (HCM), emphasizes reducing SLCPs in parallel with longlived carbon dioxide (CO 2 ) so as to achieve climate goals, as well as health and food security benefi ts, associated with some of the SLCPs. Proponents of HCM argue that we should focus substantial effort on reducing SLCPs now, as we wait for suffi cient political will to reduce CO 2 emissions (2) (3) (4) . But others ( 5) worry that any strategy involving SLCPs risks delaying efforts to reduce CO 2 , the main greenhouse gas most important for long-term warming if emissions continue as projected.
We attempt to clarify this emerging HCM strategy. Reducing emissions of SLCPs is an essential component of any comprehensive climate action plan for addressing both nearterm and long-term climate change impacts ( 1, 3) . There are real opportunities to reduce emissions of SLCPs without distracting from other mitigation efforts focused on CO 2 . But the dangers of delaying efforts to reduce CO 2 emissions are serious and must be articulated clearly to the policy community. We believe that such a delay can be prevented with appropriate policies, and that both short (decades) and long (century or longer) time scales must be considered.
Direct comparisons of the climate infl uence of SLCPs and CO 2 require making a judgment about the relative importance of short and long time scales. SLCPs have a powerful impact on climate, but they persist in the atmosphere for only a short timedays to weeks for BC, a decade for CH 4 , and about 15 years for some HFCs. Thus, immediate reductions in SLCPs will result in relatively immediate climate benefits, as the effects on climate depend largely on the emission rate, or fl ow, of SLCPs to the atmosphere. In contrast, CO 2 has a very long atmospheric lifetime; more than 20% will remain for thousands to tens of thousands of years ( 6) . Thus, climate effects from CO 2 depend on the cumulative emissions, or stock, of CO 2 in the atmosphere ( 7) .
In the next year, monthly mean CO 2 concentrations will reach 400 parts per million (ppm); annual mean CO 2 Parallel strategies must focus on long-and short-lived pollutants, but not at the cost of reducing pressure for action on CO 2 . Climate temperature response to reductions in emissions of CO 2 , SLCPs, or both. Based on scenarios detailed in the supplemental material. Temperature change is shown relative to a pre-industrial baseline. In the Reference scenario, annual CO 2 emissions peak in 2080, after which they decline rapidly, while SLCP (CH 4 , BC) emissions remain at or above current levels. In the "SLCP mitigation" scenario, deep cuts in BC (80%) and CH 4 (40%) emissions, relative to 2010 levels, are implemented linearly from 2010 to 2050. In the "CO 2 mitigation" scenario, CO 2 emissions are reduced by 20% relative to the reference scenario by 2050, followed by slowly decreasing emissions that intercept the reference scenario emissions at 2150. In this scenario, emissions of both BC and CH 4 are partially decreased relative to the reference scenario owing to those sources associated with fossil fuel consumption. The "HCM" scenario includes simultaneous mitigation of CO 2 , CH 4 , and BC, as described above. For simplicity, we ignore HFCs as well as different sulfate aerosol trajectories. Including these would slightly change the shape of the curves, but not the relative time scales between them.
to each patient this necessary information.
Clinicians are ethically free to fi lter incidental fi ndings that have so little clinical signifi cance that they would not actively seek them as secondary fi ndings. Here, too, in keeping with shared decision-making, clinicians live up to their highest calling when they discuss how they will handle incidental fi ndings with their patients. 
POLICYFORUM
SLCPs. Some have argued that mitigating SLCPs to the maximum extent possible by using available technologies can reduce the projected warming by about a half, and sea level rise by about 25%, during this century, relative to a scenario in which only CO 2 emissions are reduced ( 8) . Others have argued that the benefi ts would be smaller, because of the possibility that measures to mitigate CO 2 emissions will also mitigate emissions of SLCPs ( 9) .
A key point is that the development of new, low-carbon technologies is driven by policies aimed at reducing CO 2 emissions. Removing political and economic pressure for their development can result in slower innovation, and lead to continued emissions and a warmer climate. In contrast, no new technological innovation is required for many cuts in SLCPs, such as sealing natural gas leaks or reducing biomass burning. Thus, if one delays societal pressure to reduce CO 2 emissions, one will end up with higher cumulative emissions and higher peak and long-term warming.
It is easy to understand why focusing on SLCPs is attractive. Reducing SLCPs achieves climate benefi ts on generational time scales. In contrast, a substantial reduction of CO 2 emissions requires a deep transformation of the world's fossil energy dependence. Some have argued that reducing emissions of SLCPs will help to avoid "tipping points" in the climate system, irreversible thresholds with drastic consequences. Exactly how to define a tipping point and when we might cross one remain controversial ( 10) , but if such thresholds do exist, it is clear that reducing SLCPs alone can only delay by a few decades our reaching them ( 1, 11) , as long as the concentration of atmospheric CO 2 continues to rise.
Another proposal is that an initial focus on SLCPs will slow the rate of warming by as much as 50% by 2050, allowing for easier adaptation by both human society and natural ecosystems ( 12), while we wait for political will to address CO 2 emissions. But if the focus on SLCPs inhibits actions to slow the growth of fossil CO 2 emissions, it will result in a higher peak temperature overall, and we will trade a slower rate of warming in the fi rst half of this century for a steeper rise in temperature imposed thereafter (see the graph).
It is also important to recognize that CO 2 and SLCP emissions are not independent. Some of the steps to reduce CO 2 emissions will drive down emissions of SLCPs, as some of the largest sources of BC and methane are associated with fossil fuel production and combustion. There is also the complicated case of sulfur emissions, which produce sulfate aerosols that are short-lived, like BC, but refl ect sunlight and cool the climate, partially compensating for greenhouse warming. Reducing some types of fossil fuel use, especially sulfur-rich coal and ship fuel, will also reduce the concentration of sulfate aerosols, which may amplify warming in the near-term, but reduce the peak warming over the long term.
A common metric for valuation of different greenhouse gases, the 100-year global warming potential (GWP) ( 13, 14) , compares the average radiative forcing of a greenhouse gas relative to CO 2 over the next 100 years. Some have argued that the 100-year GWP undervalues SLCPs, as the formulation includes no discount rate to prioritize near-term impacts. Others have argued that the 100-year GWP overvalues SLCPs as the formulation completely ignores any impacts beyond 100 years. Efforts to improve the GWP metric have encountered criticism from both perspectives ( 15) . Our view is that there is no scientifi cally correct answer, as it requires trading near-term benefi ts for avoidance of substantial costs passed down to future generations, essentially in perpetuity.
Policy discussions about SLCPs are happening now. For example, the U.S. State Department, along with five other countries, unveiled in early 2012 an initiative for reducing emissions of BC, HFCs, and CH 4 , and many other nations have now joined the initiative. If successful, such an initiative could lead to important health, agriculture, and climate benefi ts in the near-term. At the same time, there is legitimate concern that this initiative could be used to shield some countries from international pressure to reduce CO 2 emissions. It is imperative that this does not happen. The only way to permanently slow warming is through lowering emissions of CO 2 . The only way to minimize the peak warming this century is to reduce emissions of CO 2 and SLCPs.
We suggest that the best way to prevent the slowing of CO 2 mitigation efforts is to emphasize parallel strategies for reducing SLCP and CO 2 emissions. For example, efforts to reduce BC emissions can be undertaken through air pollution measures whose main focus is on public health, such as regulations on diesel exhaust or the promotion of cleaner cooking technologies. HFCs can be regulated through the Montreal protocol. Such strategies have already proven to be effective. In California, for example, new regulations of particle emissions from diesel exhaust resulted in a reduction in ambient BC over all of the state by 50% within the last 25 years ( 16) . Another example is the recent agreement at the G-20 Summit in St. Petersburg to reduce use of HFCs.
An implication of our proposal is that trading between CO 2 and SLCP emissions, CH 4 in particular, should be discouraged. If efforts to reduce greenhouse gas emissions, both SLCPs and CO 2 , were at a mature state with a well-developed market, we would embrace a broader discussion of the time scales of climate change and encourage society to reach a consensus on how to value short-term and long-term climate change. But we do not believe that real decisions about health policies and climate policies are made through an interconnected market, so parallel efforts are essential. We recognize that compromises may be required to achieve political goals; in particular, giving developing countries some form of "credit" for reductions in SLCPs may be important to broaden participation in international climate agreements. But more widespread trading between different greenhouse gases, especially when it may affect markets for low-carbon technologies, risks committing our children and grandchildren to even greater climate impacts in the more distant future.
